Introduction
anomalies exist, but these have been developed for the paediatric population. Works by TortoriDonato, et al. 4 , and others 5, 6, 7 are based on radiologic appearances. Other classifications are based on embryology and surgical experience. 8 Due to the rarity of these lesions, classification of congenital spine anomalies is complex, and terminology often confusing, as some authors have employed the same terminology to describe different entities. In addition, different lesions are often categorised together, leading to misleading prognostic conclusions. For those performing or reporting prenatal ultrasound, the issue is how to relate data derived radiologically or surgically in children to the ultrasound images of the fetal spine.
Recent advances in ultrasound technology have allowed examination of the fetus with improved resolution, and the advent of 3D ultrasound has allowed visualisation of the fetal spine in ways not previously possible. This has , the correct use of spina bifida is when referring to a defective fusion of posterior spinal bony elements.
Within the two subsets of open NTD and closed NTD, further classifications are possible. The term placode refers to a segment of the embryonic neural plate that did not undergo neurulation. Its presence and position is used by Tortori-Donati, et al. to classify NTDs, and is important for surgical management. 9 
Methods
This was a retrospective study, analysing cases in which spine abnormalities were diagnosed at our institution, which provides tertiary level obstetric ultrasound services to a wide geographic area. Cases of anencephaly and encephalocele (traditionally included as part of the spectrum of open neural tube defects) were excluded from this study, as this study's primary focus was spinal anomalies. It was not in the scope of this study to source and analyse prenatal ultrasounds of congenital spine anomalies diagnosed in children.
With approval from the ACT HREC (human research ethics committee), data were collected from fetuses with spine abnormalities diagnosed in our institution between June 2005 and June 2010. Ultrasound examinations were performed by experienced obstetric sonographers and sonologists using ATL HDI 5000 (Bothell, Washington, USA) with curved array 5-2 MHz from June 2005 -December 2005, and GE Voluson 730 Expert (GE Medical Systems, Milwaukee, WI, USA) with 3D curved array 4-8 MHz from December 2005 to June 2010. The ultrasound criteria for diagnosis of a spine abnormality included a disruption to the normal appearances of the ossification centres and abnormal contour of the spine. These features were present in at least one of the standard imaging planes for the fetal spine, namely a widening of the spinal canal in the coronal view, splaying of neural arch ossification centres in the transverse view, and absence of an ossification centre or abnormal spine contour in the sagittal view. 3D imaging was performed in cases which presented after December 2005. The presence of the cranial features of the Chiari II malformation were diagnostic of open NTD, but did not preclude careful and detailed examination of the fetal spine. Findings of the prenatal ultrasound images were correlated with other prenatal imaging, post mortem findings, post mortem imaging, neonatal imaging, karyotype, and other genetic workup.
A literature search was performed using PubMed, Web of Science and Google Scholar for reported cases of prenatal diagnosis of closed NTD and vertebral segmentation or formation defects. Key words included the various types of closed NTD outlined in the Tortori-Donati, et al. 5 , classification system (Table 3) , types of vertebral defects, 'prenatal diagnosis' , 'ultrasound' , and 'sonography' .
Results
During the study period, eighteen cases of spine abnormalities were diagnosed in 7819 women. The mean gestational age at diagnosis was 18.8w ± 2.2 SD. While most cases represented open NTD, a spectrum of vertebral abnormalities was diagnosed prenatally. Findings are shown in Table 1 .
Open neural tube defects (10/18)
Ten cases were open neural tube defects with associated Chiari II malformation. Of these cases, eight were referred to our unit after the diagnosis was suspected at the second trimester screening ultrasound. In these cases, the cranial features of the Chiari II malformation instigated tertiary referral (although one referral incorrectly reported Dandy-Walker malformation). The remaining two cases were referred to our unit prior to 18w for other indications (selective fetal reduction in a triplet pregnancy, and management of maternal type II diabetes).
Closed neural tube defects (1/18)
There was one case (case 16) of an unexpected lumbosacral mass associated with a closed NTD, referred to our unit for invasive testing following an increased risk for T21 at first trimester screen.
Vertebral abnormalities (2/18)
Two cases (case 13 and 17) were referred because of abnormal spine curvature reported at the second trimester screening ultrasound.
Multiple abnormalities (4/18)
Two cases (case 11 and 12) were referred to our unit after abdominal wall defects detected during the first trimester screening ultrasound. Additional findings were sacral agenesis and arthrogryposis of upper and lower limbs in case 11, and scoliosis in case 12. Scoliosis and a single kidney were found in case 14, while case 18 was diagnosed with scoliosis, renal agenesis and a lower limb defect. 
Other indications (2/18)
One case (case 18) was referred for a routine morphology scan as suboptimal imaging in the 11-14 week scan was reported. Findings included oligohydramnios due to renal agenesis, hemivertebrae, and a lower limb reduction defect. Vertebral abnormalities (hemivertebrae and fused ribs) were additional findings in case 15, referred for review for a small cerebellum and increased nuchal fold.
Risk factors (3/18)
The majority of women presented with no known risk factors. One case (case 15) was associated with teratogenic maternal medication (valproate), and one (case 8) with maternal diabetes. In both cases the fetuses were also chromosomally abnormal, making the contribution of maternal risk factors difficult to ascertain. One case (case 7) involved consanguineous parents.
Outcomes
Termination of pregnancy occurred in fifteen of the eighteen cases; nine cases of open NTD (including selective fetal reduction in the multiple pregnancy), one case of closed NTD, four cases of multiple abnormalities, and one case of multiple vertebral abnormalities. One case of open NTD in a fetus with trisomy 18 was managed expectantly with subsequent spontaneous fetal demise at 30w. There were two live births at term. One baby was found to have dysmorphic features; karyotype revealed a chromosome deletion (6p27). The other baby had plain x-rays at day 1, confirming vertebral abnormalities but further follow up has been declined.
Discussion
Knowledge of the normal development of the spine and spinal cord is important for understanding the embryological basis for congenital spine abnormalities, as well as an understanding of common associations. For those involved with prenatal ultrasound, a sound knowledge of the process of mineralisation of vertebral elements in the fetus is important.
Embryology of the spine
The key stages involved with formation of the musculoskeletal and neural elements of the spine occurs from week two to six of embryonic development. These formative processes are gastrulation, primary neurulation, and secondary neurulation. 9 A complex series of events involving genes, signalling pathways and metabolic processes is required for proper formation of the spine and spinal cord. 10 Embryological explanations of normal and abnormal spinal development are still evolving.
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Spine ossification and sonographic appearance of the spine During the sixth week when vertebral structures begin to fuse, signals from the notochord and neural tube induce chondrification. Histologically, the spine starts to mineralise during the 8th week of development as the notochord disintegrates. Ossification centres can be found in three main areas of the vertebrae -the centrum (vertebral body) and in each vertebral arch ( Figure 1) .
Appearance of the vertebral body ossification centre is initially in the lumbothoracic region and is followed by rapid cranial progression and slower caudal progression. Vertebral arch ossification centre begin at the first cervical vertebrae and continues caudally. By 9 weeks, ossification centres are present in the vertebral body from T2-L2, and in the vertebral arches from C1-L1. 13 At birth each vertebra consists of three bony parts connected by cartilage. The bony halves of the vertebral arch usually fuse in the first 3-5 years, beginning in the lumbar spine and progressing cranially. 14 The fetal spine demonstrates linear growth 15 with discs growing at a faster rate than vertebral bodies. 14 The level of the conus medullaris changes with gestational age. The conus ascends from the 5th coccygeal vertebra at 11 weeks (13 weeks menstrual age) to L4 at 18 weeks (20 weeks menstrual age). The conus generally reaches the adult level (the lower border of L1) at term, although some reports suggest this may not happen until 1-2 months of age. 14, 16 Detection of the three vertebral ossification centres was described in 1988. 17 Studies by Budoricket, et al. 18 describe ultrasound evaluation of changes in vertebral arch ossification. This was found to be in a predictable pattern in a caudal direction, with an additional vertebral level being ossified every 2 to 3 weeks from L5. S2 is ossified by 22w. Pooh and Pooh 17 demonstrated the changing appearance of normal vertebral structure from 9-22 weeks gestation using transvaginal 3D ultrasound. At 9 and 11 weeks early vertebral structure is visible. At 13 weeks, vertebral bodies and early ossification of vertebral arches is present. At 15 weeks, the vertebral arches are present, but are completely apart; the distance is wider at the lumbosacral level then at the thoracic level. At 19 weeks there is still some separation of the vertebral arches distally. These gaps are almost closed by 22 weeks. A similar pattern in visualisation of the vertebral ossification centres is observed with transabdominal Sonographic assessment of the fetal spine is part of routine ultrasound screening for fetal abnormalities in the second trimester at 18-20 weeks. ISUOG guidelines, 13 describe the three planes that can be used to evaluate the integrity of the spine, often determined by fetal position. In the transverse plane, the spine is examined by moving the transducer along the entire length of the spine maintaining transverse orientation to each vertebra. Ossification centres of the body and vertebral arches are echogenic regions surrounding the neural canal. Lumbar and thoracic vertebrae are triangular in shape, sacral vertebrae are more flattened, and upper cervical vertebrae are more rectangular (Figure 3 ).
In the sagittal plane, ossification of the vertebral body and arches form two parallel lines that converge at the tip of the sacrum (Figure 4a ). True mid-line sagittal can be achieved by angling through the unossified spinous processes to visualise the spinal canal and spinal cord (Figure 4b ).
Coronally, it is possible to visualise all three ossification centres when orientated at the correct level, although in practice the vertebral arch ossification centres are typically visualised ( Figure 5 ).
The advent of 3D ultrasound has made evaluation of the fetal spine more comprehensive. It allows for evaluation of the complete anatomy of the spine which is not always possible in 2D imaging due to the curvature of the spine. 19 Surface 
Congenital spine defects
Embryologically, vertebral abnormalities can be classified as fusion defects, formation defects, and segmentation defects. Spinal cord abnormalities can be classified as errors of gastrulation, primary neurulation, or secondary neurulation. 9 Vertebral defects that usually do not involve the spinal cord are defects of formation and segmentation. Small fusion defects of the posterior vertebral arch may be isolated -these defects represent true spina bifida, and are believed to occur in 4% of the general population. The affected level is usually L5 or S1; laminae at this level may remain unfused in normal individuals until the age of 5-6 years. 9 As these lesions do not present for diagnosis prenatally, they will not be discussed further. When the spinal cord fails to fuse in neurulation, overlying vertebral elements also fail to fuse, resulting in large vertebral defects. A third group of defects arises from complex mechanisms. It is important to distinguish spinal cord versus vertebral (bony) abnormalities. The prognosis in general is much poorer in spinal cord abnormalities.
Developmental errors can occur at any stage of embryogenesis. Gastrulation is a highly sensitive stage of embryogenesis, and may be disrupted by genetic abnormalities and toxic insults. 11 Diabetic mothers have twice the background risk for congenital spine anomalies. Up to 30% of cases of sacral agenesis are associated with diabetic mothers. 7 Some drugs such as sodium valproate and folic acid antagonists also increase the risk. 24 Family history is an important consideration as syndromes, genetic disorders and chromosomal disorders are also associated with spinal defects. Anomalies of gastrulation involve errors of notochordal formation and integration. Spinal defects originating in this period are characteristically complex and involve other organs affected by notochordal development. 9 In primary neurulation, failure of the neural tube to close causes failure of the embryonic vertebral arches to fuse. Errors of secondary neurulation cause defects in the formation of the sacrum and filum terminale. The pathogenesis of some lesions is uncertain, and is the subject of debate. 7 Vertebral formation and segmentation defects occur due to errors in somite formation. Spine abnormalities may be a combination of all these mechanisms, resulting in complex structural abnormalities.
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Formation and segmentation defects The prevalence of vertebral anomalies is 0.5-1 per 1000 live births 22 and may occur in one or multiple vertebrae. 23 The majority occur in the thoracic spine (64%), followed by the thoracolumbar spine (20%), lumbar spine (11%) and lumbosacral spine (5%). of formation, segmentation, or both, resulting in a congenital scoliosis. 10, 22 Defects in formation occur when a structural element of a vertebra is absent, that is, there is a failure of an ossification centre to develop. Any region of the vertebral ring may be affected, and the resulting abnormality will depend on which area is affected. 10 Observable defects include hemivertebrae and wedge vertebrae (Figure 8 ).
When two adjacent somites do not separate properly, a segmentation defect will occur. The effects are variable and relate to which part and how much of the vertebra is involved. When entire vertebrae are involved, the result is block vertebrae. 10 Defects of specific regions of the vertebral ring create unilateral bars ( Figure 9 ). Butterfly vertebrae result from a failure of fusion of the two lateral chondrification centres of a vertebral body due to the persistent presence of the notochord. The affected vertebra has a 'butterfly' shape. 7 Although vertebral anomalies may be isolated, they are frequently associated with other anomalies, in particular renal anomalies (20-40%) and cardiac (10-15%). 21 There is an extensive list of syndromes and associations listed in Appendix 1. 24 Features of the more common syndromes associated with vertebral abnormalities are summarised in Table 2 . 24 The term association is used to describe the non-random tendency of some malformations to occur together more commonly than would be expected by chance. These include the acronyms VATERR, VACTERL and MURCS. 24 VATERR describes the association between vertebral defects, anal atresia, tracheo-oesophageal fistula, oesophageal atresia, radial dysplasia and renal dysplasia. VACTERL adds cardiac malformation and replaces radial dysplasia with limb abnormality. Another association is MURCS, which describes the association between Mullerian duct aplasia, renal aplasia and cervico-thoracic somite dysplasia.
There were six cases of vertebral abnormalities in this study. In five cases cases 12, 13, 14, 17 & 18, the abnormal curvature of the spine in the sagittal plane led to the diagnosis of a vertebral abnormality (Figure 10a, b, c) . Clarification of the nature of the vertebral defect was often not possible in transverse and coronal planes due to suboptimal imaging conditions such as fetal lie and oligohydramnios. In this study, 3D imaging was found to be an extremely valuable tool, confirming findings by Benoit 20 and Moser. 23 Retrospective analysis of 3D images in case 13 demonstrated cleft or butterfly thoracic vertebrae and rib irregularities, namely asymmetrically reduced number and rib fusion (Figure 11 ). Review of 3D images revealed block vertebrae in case 17 ( Figure 12 ) and hemivertebrae. Hemivertebrae were also discerned in case 15 ( Figure 13 ).
Prognosis for congenital scoliosis relates to the presence and severity of associated abnormalities. Isolated hemivertebrae with scoliosis may progress slowly (50%), remain stable (25%) or progress rapidly (25%). Early surgical intervention is necessary in about 75% of cases to prevent curvature progression.
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Fusion defects
Failure of the neural tube to completely close in week 4 results in failure of the embryonic vertebral arches to fuse. When the defect involves the skin, an open NTD is the result. When the skin remains intact, these defects are referred to as closed NTD. 21 Myelomeningoceles account for nearly 99% of open NTD. 9 Rarer presentations include myelocele, hemimyelocele and hemimyelomeningocele. Classification of these lesions is determined by the position of the placode (cells of the embryonic neural plate that did not undergo neurulation). The placode can be identified at post mortem, during surgery, or with MRI. 25 The placode is not a feature that can be discerned by prenatal ultrasound. In myelomeningoceles, the placode protrudes above the skin surface. In myeloceles, the placode remains flush with the skin surface. Hemimyelocele and hemimyelomeningocele are the extremely rare cases of myelocele and myelomeningocele associated with diastematomyelia (split cord malformation). 9 Diagnosis of open NTD prenatally is well established, primarily due to the cranial features of the Chiari II malformation ( Figure 14) . The presence of the Chiari II malformation on prenatal ultrasound is diagnostic of open NTD. Nicolaides, et al. 26 described the sonographic features of the 'lemon' shaped head, 'banana' shaped cerebellum, obliterated cisterna magna and varying degrees of hydrocephalus. Identification of these striking features instigates careful examination of the spine to identify the spinal defect. According to Litiania and Passamonti, 27 it is believed prenatal ultrasound in second and third level centres is close to 100% accurate in the diagnosis of open spinal dysraphism. This was reflected by the cases of open NTD in this study where the Chiari II malformation was present in all cases. Vertebral features were typically a disruption to the orientation of the ossification centres of the vertebra; namely flaring in transverse section (Figure 15a ) and widening in coronal section (Figure 15b ). Skin disruption behind the spine defect was evident in transverse or sagittal section (Figure 15a, 15c) . 3D imaging was able to provide additional information by elegantly demonstrating the number of affected vertebral elements (Figure 16a) .
Infant mortality varies considerably worldwide; almost 100% in underdeveloped countries and 10%-35% in developed countries. Survival to the third decade has been reported at 52-68%. 2 Surviving infants are likely to have severe life-long disabilities. Medical problems resulting from the neurologic defect or its repair include paralysis, hydrocephalus, endocrine abnormalities and tethered cord syndrome. Limb and spine deformation; bladder, bowel and sexual dysfunction; and learning disabilities frequently occur as a consequence. 2 Many parents choose to interrupt the pregnancy, as was the case in this study.
Closed NTD have been classified by Tortori-Rossi, et al. 5 as lesions presenting with a subcutaneous mass, and those without a subcutaneous mass. On the whole, this subclassification provides features that relate to detection with prenatal ultrasound. Definitions of these classifications along with embryonic classification 9 are summarised in Table 3 , highlighting the fact that lesions which appear similar may have a different embryological basis. A sonographic approach to prenatal classification of congenital spine anomalies One case of a closed NTD was diagnosed in the study group (case 16). The presence of a lumbosacral mass was an important feature in this diagnosis. The sonographic features of the mass were mixed echogenicity (mid-level echoes with an anechoic central portion) and no discernable vascularity (Figure 17a) . Widening of the lumbosacral spine in coronal section (Figure 17b ) and flaring of the ossification centres in transverse section ( Figure  17c ) was indicative of a vertebral defect. Ossification centres of the lower sacral elements were not detected, leading to the diagnosis of partial sacral agenesis (Figure 18a ). Differential diagnosis included sacrococcygeal teratoma and lipomyelomeningocele. The presence of sacral defects and echo characteristics of the mass were more typical of a lipomyelomeningocele; up to 50% of teratomas contain calcification. 7 Detection of an anechoic cystic structure within an echogenic mass is considered a diagnostic feature of a lipomyelomeningocele. 6 Post mortem examination and post mortem radiology confirmed the partial sacral agenesis (Figure 18b ), however histology revealed the mass to be a lipomeningocele -the mass contained fat with herniated but not adherent meninges. No component of spinal cord was within the mass ( Figure 19 ).
There were no cases in this study of a closed NTD without a subcutaneous mass. This group of lesions includes cord lipomas (intradural, intramedullary and filarlipomas), and tight filum terminale (where the filum terminale is thickened), persistent terminal ventricle and dermal sinus. 7, 12 Cord lipomas, typically lumbosacral in location, and tight filum terminale are associated with tethered cord syndrome. Prenatal detection has been reported. 28 Features which may be apparent on prenatal ultrasound include increased echogenicity and widening of the spinal cord due to the presence of a mass. The conus medullaris may be at a lower position than normal for gestational age. 27 Detection of a terminal ventricle by prenatal ultrasound in the third trimester has been described as a cystic mass at the distal portion of a widened spinal canal. 29 However, it may be difficult to detect such lesions at earlier gestations, particularly if they are small. There have been no case reports of prenatal sonographic detection of a spinal dermal sinus. It is doubtful whether it would be possible to resolve the tiny skin defect associated with a dermal sinus at the time of routine prenatal ultrasound screening (18-20 weeks) .
Prognosis for some of these lesions is often related to the presence and severity of other anomalies. Tethered cord syndrome, where nerve fibres are stretched and distorted, is seen in the presentation of some closed NTD, including lipomyelomeningocele, intradural lipoma and filar lipoma. Symptoms tend to be progressive in nature and include pain, sphincter disturbances, sexual dysfunction, distal paralysis and sensory deficits. Neurological deficits have been reported in up to 80% of patients with closed NTD. 3 Signs and symptoms may be present at birth, or may develop later in life. The position of the conus medullaris can be an important feature when making a prognosis based on prenatal findings. Visualisation of fetal leg movement and bladder emptying does not guarantee a good prognosis, however, evidence of limb contractures is indicative of a poor prognosis.
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Complex defects Some conditions have been described as complex dysraphic states, believed to be due to either defective gastrulation and notochord development, or errors in secondary neurulation. 9 Tortori-Donati, et al. 5 lists complex defects as a subclassification of closed NTD without a mass.
In diastematomyelia there may be duplication of all or a portion of the spinal cord, accounting for about 4% of closed NTD. 9 Exceedingly rare conditions exist where there is a communication between spinal cord, bowel and even the skin surface (neurenteric cyst and dorsal enteric fistula). Hypogenesis or agenesis of a portion of the spine may occur; usually (but not always) distally. Sacral agenesis describes the condition when the distal portion of the spine and sacrum is absent, and is often referred to as caudal agenesis or caudal regression. Observable A sonographic approach to prenatal classification of congenital spine anomalies a b effects range from partial sacral agenesis to complete absence of the lower portion of the spinal column with associated abnormalities including renal dysplasia or agenesis, duodenal atresia, and tracheo-oesophageal atresia. Sirenomelia thought to be the most extreme expression of sacral agenesis. There are also reported associations, including VACTERL, OEIS (omphalocele, cloacal extrophy, imperforate anus, spinal deformity) and Currarino Syndrome (autosomal dominant condition characterised by partial sacral agenesis, anorectal malformation, and a presacral mass) 7, 9, 27 . Partial sacral agenesis is strongly associated with tethered cord syndrome. 3 Segmental spinal dysgenesis (SSD) may present as dysgenesis or agenesis of a segment of the lumbar, thoracolumbar, or lumbosacral spine, and may include the underlying spinal cord or nerve roots. As such, the prognosis depends on the level and severity of the malformation. 9 The embryological basis for this condition is believed to be defective notochord development, prompting some to speculate SSD may be part of the same spectrum of malformation as sacral agenesis. 4 In the most severe cases, the spinal cord at the level of the abnormality is absent, and one or more vertebrae are absent, effectively bisecting the bony spine and spinal cord. Infants with this degree of abnormality are paraplegic at birth. In less severe cases, there is focal hypoplasia of the spinal cord. Neurological deficit depends on the level and severity of the lesion. 9 In this study, there were two cases of sacral agenesis, diagnosed at 15w (case 11) and 21w (case 13). Sonographic features included the subjective appearance of a short spine with ossification centres which failed to taper toward each other distally (Figure 20a, Figure 21a ). These findings were confirmed at post mortem. Both cases had additional abnormalities detected by ultrasound. Case 11 also presented with a gastroschisis and upper and lower limb arthrogryposis. Case 13 had multiple hemivertebrae and rib abnormalities. Case 13 was the only case in this study that underwent prenatal MRI at 22w. There have been several reports in the literature of the value of prenatal MRI. 7, 9, 25, 27 Unfortunately, MRI images in this case (at 22 weeks) were considered non-diagnostic.
Nomograms for spine length have been developed by De Basio, et al. 30 in the first trimester, and Ulm, et al. between 14 and 24 weeks of gestation. 31 These authors contend spine length measurements may be a valuable tool to aid diagnosis when skeletal malformations are suspected.
There were no cases of other complex spinal defects in this study, namely dorsal enteric fistula, neurenteric cyst, diastematomyelia and segmental spinal dysgenesis. There have been published reports of prenatal diagnosis of diastematomyelia. 32, 33, 34 Sonographic features described in these reports include widening of the spinal canal in the coronal plane and an echogenic spur traversing the spinal canal in the transverse plane. There are also reports of prenatal diagnosis of segmental spinal dysgenesis. 23, 35, 36 Typical sonographic features described include abnormal spine curvature, multiple vertebral segmentation defects and asymmetric ribs. Dorsal enteric fistulas and neurenteric cysts are rare entities. It may be possible to detect a neurenteric cyst with prenatal ultrasound as an anechoic structure in the thorax, anterior to a defect in the vertebral body.
The spectrum of vertebral anomalies in this study shows prenatal ultrasound to be sensitive in the detection of disruptions to the normal sonographic appearance of the fetal spine. The diagnoses for cases in this study (other than open NTD) were often difficult to make at the time. Retrospective analysis of ultrasound images revealed good correlation with post mortem or postnatal imaging, and allowed for development of skills in manipulating 3D datasets. Considering the features of abnormal spine curvature, flared or divergent vertebral arch ossification centres, and the appearance of a short spine, a spectrum of congenital spine anomalies may be grouped according to these sonographic features (Figure 22 ).
Conclusion
Recognition of a fetal spine abnormality begins with the detection of disruption to the normal appearances of the fetal spine. These can be simply described as flared vertebral arches, abnormal spine curvature, and short spine length. Using these markers it is possible to target the ultrasound examination to seek additional features to aid in the diagnosis of the congenital spine anomaly. Overall numbers in this study were small; however, the spectrum of abnormalities detected was consistent with reports in the literature and the rarity of these lesions (12 case reports are listed in Appendix 2). It is hoped this framework could form the basis for a future systematic review. In this study cases other than open NTD had a poor prognosis. This invites speculation that perhaps prenatally diagnosed vertebral defects are at the more severe end of the spectrum.
Future works implementing measurements of overall spine length in cases of vertebral abnormalities would aid in the diagnosis of conditions such as sacral agenesis and segmental spinal dysplasia.
